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Abstract 
This study investigated the effectiveness of segmented animation utilized to facilitate learning in the procedural knowledge of 
meiosis process. A total of 237 Secondary Four biology students with three different trait anxiety levels were randomly assigned 
to one of the experimental conditions: (a) text with static graphics (TSG), (b) text with animated graphics (TAG) and (c) text with 
segmented animation (TSG). Analysis of t-tests and ANCOVA were conducted by using intelligent quotients as a covariate. The 
results showed that segmented animation is more effective than continuous animation and static graphics for improving learning 
across all levels of anxiety. Seemingly, a continuous animation does not provide sufficient time for optimal cognitive processing 
of information, thus inhibiting effective learning. Segmented animation helps high anxiety students overcome the threat of 
extraneous cognitive load thus optimizing their information-processing abilities. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
According to Mayer (2001), learning from text with graphics allows learners to relate both the visual and verbal 
information to relevant prior knowledge stored in their long term memory. In effect, the storage of learning content 
is facilitated and the probability of retrieval is increased (Rieber, 1990). By contrast, presenting words alone is 
sufficient only to promote shallow learning, as it does not establish links between the words and other knowledge 
(Clark & Mayer, 2008).  
1.1. Static Graphics versus Animation 
The debate about the educational value of animation versus static graphic remains inconclusive and inconsistent. 
Many studies have found the greater effect of animation (e.g., Betrancourt, Dillenbourg, & Clavien, 2008; Yang, 
Andre, Greenbowe, & Tibell, 2003). However, Tversky, Morrison, and Betrancourt (2002) argued that these positive 
results may be due to the more detailed information available in the animated graphics than in static graphics, rather 
than the format of graphics – animated or static. If static graphics contain equivalent information as animation, little 
or no advantages of animation were found (Hegarty, Kriz, & Cate, 2003; Lewalter, 2003). 
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Klein (1987) noted that animation has two perceptual attributes – motion and trajectory over static graphics. For 
this reason, animation offers learners more precise external presentation (Rieber, 1990) and facilitates the 
elaboration of “runnable” mental model (Mayer. 1989). On the other hand, Hegarty (2004) argued that animation 
does not always lead to an accurate mental model. In fact, visual complexity of an animation carries potential for 
misunderstandings, misinterpretations and misconceptions (Falvo, 2008). Lowe (1999) found that some learners 
overlooked the thematically important information in an animation, thus the desired learning outcomes were not 
achieved. 
Learning from static graphics may be too cognitively demanding because learners have to mentally infer and 
combine the discrete information into a smooth event and subsequently construct a mental model. Barak, Ashkar, 
and Dori (2011) contended that animation could replace such challenging cognitive processes. The consumption of 
limited working memory spaces is thus lessened (Rieber & Kini, 1991), leaving more resources for cognitive 
activities of selecting, organizing and integrating (Mayer, 2001). Conversely, Hoffler and Leutner (2007) argued that 
animation may overload learners with vast content and rapid changes. This is due to understanding animation 
requires learners to mentally keep track of all the changes, and it creates an extraneous cognitive load (Wong, 
Marcus, Ayres, et al., 2009). 
Nevertheless, animation still offers a more effective way of learning dynamic concepts when it is aligned with 
human cognitive architecture (Bétrancourt, et al., 2008). The meta-analysis of Hoffler and Leutner (2007), for 
example, has firmly re-confirmed the learning and cognitive benefits of animation. 
1.2. Breaking Animation into Chunks 
A continuous animation always provides insufficient time for cognitive processes, thus the cognitive processing 
remains only at the surface level and learning is inhibited. Many authors found evidence that breaking an animation 
into meaningful segments could yield better learning outcomes (e.g., Ahmad Zamzuri Mohamad Ali & Ahmad Rizal 
Madar, 2010; Fong, 2000; Moreno, 2007). The theoretical underpinning segmented animation has been illustrated 
by the cognitive theory of multimedia learning (Mayer, 2001) and cognitive load theory (Sweller, 1994).  
Segmented animation compensates for the inevitable working memory limitations by providing pause or time 
break between each segment and learner-control features to move from one segment to another. The learner-control 
features allow learners to rehearse and re-inspect each segment as often as they wish, or in other words, they can 
completely process each segment before proceed to the next segment. Furthermore, the pause between each segment 
provides extra time for cognitive processes (Mayer, 2005) which is hardly done when a display continuously 
changes. With appropriate exposure duration on learning task, learners will be able to construct more accurate 
mental model, thus full comprehension of the learning content is achievable (Spanjers, van Gog, & van 
Merriënboer, 2010). In sum, segmented animation allows learners to learn chunk by chunk without overusing their 
limited working memory resources and so enhances their cognitive abilities for other learning tasks (Moreno, 2007). 
1.3. Anxiety 
Anxiety is one of the frequent studied psychological factors within the educational context. Empirical works have 
frequently demonstrated that anxiety has strong impact on learning performance across diverse disciplines. Duffy 
(1972) proposed an inverted-U relationship exists between anxiety and learning performance. That is, a certain 
degree of anxiety may induce optimum performance, whereas anxiety beyond that degree (either higher or lower) 
may inhibit learning. This is statistically supported by Toh (1998), Fong (2000), Fong and Aldalalah (2010).  
According to Warr and Downing (2000), anxiety refers to one’s emotional state that overwhelmed with undesired 
feelings such as fear, and tension. This emotional feeling influences appraisal that further affects learning behavior, 
as stated by Fong and Aldalalah (2010). Low anxiety provokes minimal stimulus, insufficient to stimulate 
motivation towards learning. Thus, low anxiety learners tend to get bored and pay less attention in the lesson. By 
contrast, excessive stimulus places an individual at risk for learning with great anxiety. Ashcraft and Kirk(2001) 
took a step further and brought up a discourse on the detrimental effect of anxiety level on cognitive capacity. High 
anxiety individuals showed a significant decline in problem-solving performance, which suggests that they possess 
insufficient information-processing abilities (Ashcraft & Kirk, 2001). A possible reason is that they may use up 
some of their working memory resources to cope with the intrusive thought provoked by anxiety, leaving limited 
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available resources for other tasks (Fong & Aldalalah, 2010). In other words, high anxiety individuals are more 
likely to experience cognitive overload, thus inhibiting learning. 
The present piece of work confronts the disruptive effects of anxiety on working memory. There is minimal 
evidence base concerning cognitive off-loading effects of segmented animation on learning performance of high 
anxiety learners. Thus, this research attempted to examine if segmented animation can help high anxiety learners to 
reduce the consumption of working memory space that could be useful for other learning tasks. 
2. Research Questions 
This study investigated the effects of three presentation modes – (a) text plus static graphics (TGS), (b) text plus 
animated graphics (TGA) and (c) text plus segmented animation (TGAB) on learning meiosis process among 
students with different anxiety level – high anxiety (HA), medium anxiety (MA) and low anxiety (LA). This study 
sought to address the following questions: 
a) Will TGAB students perform significantly better than TGA students; TGA students perform significantly better 
than TGS students? 
b) Will MA students perform significantly better than LA students; LA students perform significantly better than 
HA students? 
c) Will HA students using TGAB perform significantly better than HA student using TGA; HA students using 
TGA perform significantly better than HA student using TGS? 
d) Are there main effects between treatment modes and anxiety on the post scores? 
e) Are there interaction effects between treatment modes and anxiety on the post scores? 
3. Methodology of Research 
In order to answer the research questions, an experiment was conducted according to a 3x3 factorial quasi-
experimental design including the between groups factor – kind of graphics (TGS, TGA and TGAB) and the within 
groups factor – level of anxiety (HA, MA and LA). 
3.1. Sample of Research 
The samples were randomly selected from three different urban secondary schools that were facilitated with 
computer laboratories. A total of 237 Secondary Four science stream students from five intact classes were 
participated in the experiment. None of these students had specific prior knowledge about meiosis process. 
3.2. Experimental Conditions 
The samples were randomly assigned to three groups corresponding to three different experimental conditions 
(TGS, TGA and TGAB). Learning material was a computer-based multimedia presentation consisting of graphics to 
demonstrate the meiosis process and text to explain the concepts. The graphics were presented together with the 
corresponding explanatory texts. Learning content in the three experimental conditions were informationally 
equivalent, but displayed with different kind of graphics. 
 
x TGS group: Static graphics and text (as written text on the screen) was presented simultaneously to explain the 
concept and meiosis process.  
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Figure 1. Screenshot of the TGS mode 
 
x TGA group: It is similar to TGS group, except that the on-screen text is being displayed simultaneously with 
relevant animation, instead of static graphics. The animation demonstrated the whole process of meiosis 
continuously from phase to phase (Prophase I to Telophase II). This animated graphic can be replayed by 





Figure 2. Screenshot of the TGA mode 
 
x TGAB group: The relevant animated graphic in a segmented manner was presented in addition to the on-screen 
text simultaneously. The animation was separated into segments according to the eight phases of meiosis 
process (Prophase I, Metaphase I, Anaphase I, Telophase I, Prophase II, Metaphase II, Anaphase II and 
Telophase II). Animation of each of these phases can be replayed by clicking on the ‘Play’ button. 




Figure 3. Screenshot of the TGAB mode 
3.3. Instruments 
Three main instruments were used in this study, as follows: 
 
x Meiosis Achievement Test: Learning was measured with a test consisting of  seven multiple-choice questions 
and two essay-type questions on conceptual knowledge as well as eight multiple choice questions and three 
essay-type questions on problem-solving. The Cronbach Alpha value of multiple-choice questions and essay-
type questions were 0.788 and 0.764 respectively. The difficulty index of multiple-choice questions ranged 
from 0.43–0.78, while the discrimination index of both multiple choice questions and essay-type questions 
varied from 0.50–0.81. 
 
x Trait Anxiety Inventory: This questionnaire was adopted from Maznah and Ng (1985), to examine students’ 
trait anxiety level. It consists of 20 statements asking students to rate their response on a 4-point scale: 1- not at 
all, 2- sometimes, 3- moderately so, 4- very much so. Its reliability coefficient that computed by implementing 
Cronbach Alpha was more than 0.90 for the whole scale. 
3.4. Procedure 
Prior to the experiment, students’ prior knowledge were assessed in a pre-test. Furthermore, subjects’ general 
intelligences were measure with Cattell Culture Fair Intelligence Test (Cattell & Cattell, 1973) consisting 50 items 
with an internal consistency reliability coefficient of 0.85. The experimental session was conducted in three phases: 
introduction, learning and test. Students were randomly assigned to one of the personal computers with a pre-
installed multimedia presentation. In the initial twenty minutes, students got an introduction to the interfaces and 
functions of the various icons, under the guidance of research assistants. Then, the students were asked to interact 
with the contents for one hour. Following the learning session, the computers were switched off and the posttest was 
immediately conducted. 
4. Results of Research 
4.1. Pre-Quasi Experimental Study 
A series of t-tests was used to determine if there were significant differences in students’ pre-test mean scores 
between TGS, TGA and TGAB groups at a 0.05 significance level. The results showed pre-test mean scores were 
not significantly different between TGS and TGA group (p = 0.708); TGS and TGAB group (p = 0.338); TGA and 
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TGAB group (p = 0.532). This implies that the three treatment groups were homogeneous with regard to prior 
knowledge.  
There was a statistical correlation between students’ Cattell scores and their performance scores. This implies 
that Cattell scores was confounding variable that influences the dependent variable (performance scores) being 
measured. To reduce the error variance, Cattell scores is considered to be a covariate in the present study. 
4.2. Performance of Students with Different Anxiety Levels in Various Treatment Groups 
Performance scores of students with different anxiety level across three treatment group were tabulated in Table 
1. A t-test analysis and ANCOVA were performed to determine if the differences in performance scores are 
statistically significant. 
 
Table 1. Mean performance (and SD) on the three anxiety level as a function of condition 
 
 Experimental Condition 
TGS (n = 72) TGA (n = 77) TGAB (n = 88)  Total (N = 237) 
LA (n = 79) 10.72 (3.93) 11.58 (3.43) 13.97 (3.48) 12.22 (3.84) 
MA (n = 75) 11.59 (4.59) 14.29 (3.80) 15.86 (3.72) 14.11 (4.34) 
HA (n = 83) 10.48 (3.10) 10.62 (4.49) 13.41 (3.63) 11.55 (4.01) 
Total (N = 237) 10.90 (3.86) 12.06 (4.22) 14.41 (3.72)  
The main effect of experimental conditions on performance scores was significant, F(2, 225)=24.389, p<0.05. As 
expected, the TGAB group significantly outperformed the TGA group (t=-3.79, df=163, p<0.05) and the TGS (t = -
5.83, df = 158, p<0.05). However, the difference between the TGA and TGS group was non-significant (t=-1.75, 
df=147, p>0.05). 
The ANCOVA showed a significant main effect of anxiety level on performance scores, F(2, 225)=11.251, 
p<0.05. However, no significant differences between students with different anxiety level were found in the TGS 
group. In the TGA group, MA students significantly outperformed HA students (t=-3.17, df=51, p<0.05) and LA 
students (t=-2.60, df = 46, p<0.05). A same pattern of results was found in TGAB group, that is, significant 
difference between MA and HA students (t = -2.54, df = 56, p<0.05) as well as MA and LA students (t=-2.02, 
df=57, p<0.05). The differences between HA and LA students were non-significant in all three groups. 
As expected, HA students in TGAB group significantly outperformed HA students in TGA group (t=-2.60, 
df=56, p<0.05) and TGS group (t=-3.17, df=52, p<0.05). However, HA students in TGA did not significantly 
outperform HA students in TGS group. 
Finally, the interaction between experimental conditions and anxiety level on performance scores was not 
significant, F(4, 225)=1.163, p>0.05. 
5. Discussion 
Significantly better performance of TGAB group provides evidence supporting the cognitive benefits of 
segmented animation. The result concurred with Fong’s (2000) study that segmented animation better facilitates 
conceptual understanding as well as ensures retrieval and transfer of knowledge into application. This supports 
Moreno’s (2007) claim that segmented animation allows learners to learn chunk by chunk without overusing the 
limited cognitive spaces, thus leaving more resources available for the learning task. This will eventually maximize 
learners’ information processing abilities and yield better learning outcomes. In other words, when learning with 
segmented animation, learners have sufficient time to select, organize and integrate the information with their pre-
existing knowledge. Construction of internal representation is thus facilitated, resulting in better comprehension. 
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The results imply that learning from static graphics consumes more working memory resources for making 
inferences and visualization. Barak, et al. (2011) noted that an animation could overcome these unnecessary 
cognitive loads so that more working memory resources can be used on learning tasks. However, the results show no 
significant benefit of a continuous animation over static graphics. As explained by Hoffler and Leutner (2007), the 
drawback is due to working memory overload with vast amount of visually changing information in continuous 
animation. In effect, learners do not have sufficient cognitive capacities to make sense of the learning content. 
Students with medium anxiety performed significantly better than students with lower or higher anxiety. The 
findings also confirm Duffy’s (1972) proposal that there is an inverted-U relationship between anxiety and learning 
performance. Students using segmented animation performed significantly better across all anxiety levels. In 
comparison with students of different anxiety levels, students with more anxiety have been found to gain the lowest 
scores. The result supports Fong and Aldalalah’s (2010) contention that high anxiety students are most likely to 
incur a higher cognitive load because they have to deal with both anxiety reactions and working memory load tasks. 
Nevertheless, high anxiety students in TGAB group had better performance than high anxiety students in both TGA 
and TGS groups, which implies that segmenting animation into smaller chunks of information could reduce the 
excessive cognitive demands. It is consistent with Mallow (1981) and Bandura’s (1982) claim that high anxiety 
students would perform better if the instructional material is presented in a series of well-structured segments. The 
pause and learner-control features in a segmented animation seemingly offers learners a less anxiety-provoking 
learning environment, reduces the excessive cognitive demands, thus results in better information-processing 
capabilities for essential cognitive tasks. 
6. Implication and Recommendations for Future Research 
The integration of segmented animation within science lesson for secondary school students is practicable. 
Segmented animation offers learners a more conducive condition for information-processing, thus ensures better 
conceptual understanding as well as increases the possibility of retrieval and transfer. The theoretical implications 
lie in the contribution of the research findings to the growing body of knowledge. The study once again highlights 
the cognitive benefits of segmented animation, as in accordance to cognitive theory of multimedia learning and 
cognitive load theory. 
The present study employed quantitative approach in the investigation. It would be particularly interesting to 
examine learners’ experiences and engagement in the different treatment groups by using qualitative method, such 
as observations or interviews. While the study reported positive result, it is helpful to ask if segmented animation 
equally benefits all learners. The study of Spanjers, et al. (2010) found the advantages of segmented animation was 
in favor of the novices rather than the experts. Thus, future research should include learners’ characteristics such as 
spatial ability, learning style and cognitive styles. Due to the rapid advancement in communication technologies, 
further research is also needed to investigate the application of segmented animation in web-based learning 
environments and mobile learning environments. 
7. Conclusions 
This study found that learning from segmented animation is significantly better than learning from continuous 
animation and static graphics. Presenting an animation chunk by chunk seemingly saves mental efforts for deeper 
cognitive processes. Segmented animation is particularly helpful for high anxiety learners who possess insufficient 
cognitive abilities for learning tasks. Breaking an animation into segments seemingly assists in reducing their 
anxiety level, minimizing cognitive demands and thus resulting in better learning. It is suggested that instructional 
designers should take into consideration the segmenting principle when using animation to present learning 
materials, particularly among high anxiety students. 
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